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Abstract. The Lake Nokoué and Porto-Novo Lagoon complex represents the most important Lagoon system in
Benin and is influenced by saltwater intrusion during Low water period via Cotonou channel. The main objective
was to determine the composition and structure of benthic macroinvertebrates based on their preferred habitat.
Samples were collected from 15 stations between November 2022 and October 2023, following the fluctuations
of the hydrological regime notably High water (October and November), Low water (January and March) and
Slight rise water (June and August). The results reveal a total of 79 species across the entire studied Lagoon com-
plex. For Lake Nokoué, the following abundances were obtained for: strictly freshwater taxa (4.27 %), strictly
brackish taxa (44.58 %), and strictly saltwater taxa (11.86 %). In the Porto-Novo Lagoon, the following abun-
dances were recorded for: strictly freshwater taxa (7.78 %), strictly brackish taxa (6.96 %), and strictly saltwater
taxa (16.83 %). Regarding the hydrological regime, a predominance of strictly freshwater taxa was noted during
the High water period in Lake Nokoué. Furthermore, this predominance was recorded during both High and Low
water periods within the Porto-Novo Lagoon. Thus, the variation of these taxa was found to be more pronounced
in Lake Nokoué (p < 0.01) than in the Porto-Novo Lagoon (p > 0.05).

1 Introduction Furthermore, the Lake Nokoué and Porto-Novo Lagoon
complex is largely influenced by its saltwater intrusion of

Coastal aquatic ecosystems represent remarkable hydrosys- Atlantic Ocean. In light of the observed hydrological fluc-

tems whose ecological functioning is conditioned by the in-
teraction of two independent factors, namely: marine inputs
and freshwater inputs (Obolewski et al., 2018). The increase
of salinity in freshwater ecosystems poses a significant threat
on an international scale as it reduces aquatic biodiversity,
particularly that of freshwater benthic macroinvertebrates
(Timpano et al., 2018). According to Wan et al. (2024), ben-
thic macroinvertebrates play a crucial role in coastal ecosys-
tems by acting as essential bioindicators of the ecological
quality of these environments.

tuation, several researchers have highlighted the impact of
the hydrological regime (saltwater and freshwater intru-
sion) on the ecological functioning of Lake Nokoué. Most
studies conducted have focused on assessing water quality
(Zandagba et al., 2016; Odountan et al., 2019; Djihouessi et
al., 2021; Sintond;ji et al., 2022b; Capo-Chichi et al., 2022;
Okpeitcha et al., 2022; Chaigneau et al., 2023; Socohou
et al., 2024; Ntangyong et al., 2024; Lingofo et al., 2024,
2025). Some research has also been dedicated to ichthyolog-
ical communities (Laleye et al., 2003; Lederoun et al., 2024).
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Regarding benthic macroinvertebrates, only the studies
conducted by Gnohossou (2006), Odountan et al. (2019),
Sintondji et al. (2022a, 2023) on Lake Nokoué and Adanded-
jan (2012) on Porto-Novo Lagoon are noteworthy. Chaigneau
et al. (2023) focused on the zooplankton of Lake Nokoué.
However, it should be noted that the study conducted by Gno-
hossou (2006) was limited to presenting the different taxa
based on their preferred habitat without addressing the varia-
tion in the composition or structure of benthic macroinverte-
brates according to their preferred environments based on the
hydrological regime. Therefore, it appears imperative to up-
date existing data while broadening our understanding within
the Lake Nokoué and Porto-Novo Lagoon complex.

It is in this context that the present research is situated,
with the objective of determining the composition and abun-
dance of benthic macroinvertebrates based on their preferred
environments within this Lagoon complex.

2 Materials and methods

2.1 Study Environment

The Lake Nokoué and Porto-Novo Lagoon complex is lo-
cated in the South of Benin. It is situated between the
meridians 2°20’ E and 2°40’ E and the parallels 6°25’ N and
6°30' N. It covers an area of 180km? during the dry season
(Yehouenou et al., 2013; Kpanou et al., 2022). It benefits
from a subequatorial climate (Lederoun et al., 2024).

This complex is directly connected to the Atlantic Ocean
by Lake Nokoué from the Cotonou channel, which is 4.5 km
long and 300 m wide (Sintondji et al., 2022a). Lake Nok-
oué communicates with the Porto-Novo Lagoon through the
Totche canal on its Eastern boundary (Adandedjan et al.,
2011). Furthermore, this complex receives inputs of fresh-
water from local precipitation, runoff, and waterways such as
the Ouémé River and the S6 and Djonou rivers (Djihouessi
et al., 2019).

2.2 Hydrological regime of the complex

The salinity dynamics within the Lake Nokoué and Porto-
Novo Lagoon complex manifest themselves as follows,
depending on the hydrological regime (Djihouessi, 2018;
Okpeitcha et al., 2022; Chaigneau et al., 2023). First, dur-
ing the High water period (September—November), caused
mainly by heavy rains in Northern Benin, the Lagoon
complex fills with freshwater, resulting in a significant
rise in water levels. Lake Nokoué undergoes total desali-
nation, reaching zero salinity in October—November. Dji-
houessi (2018) indicated that water inflows from tribu-
taries exceed 385m>s~! during this period. Okpeitcha et
al. (2022) showed that Lake Nokoué becomes completely
desalinated when the river flow reaches approximately 50—
60m3s~!. Then, during Low water period (December—May),
Lake Nokoué reaches its minimum water level and is filled
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Figure 1. Presentation of the sampling stations within the Lake
Nokoué and Porto-Novo Lagoon complex.

with brackish water with an average salinity of around
30PSUgL~! in April. Djihouessi (2018) noted that an in-
flow of less than 50m3s~! from tributaries leads to a sig-
nificant increase in salinity under the influence of Atlantic
Ocean tides. Finally, during the Slight rise in water levels
(May—August) resulting from local rainfall, the level of Lake
Nokoué rises slightly while its salinity gradually decreases to
an average value of less than 10 PSU.

2.3 Sampling Protocol

Samples were collected from 15 stations, 10 located on Lake
Nokoué and 5 others on the Porto-Novo Lagoon. Sampling
stations were selected based on criteria such as representa-
tiveness in terms of ecological functioning, habitat diversity,
freshwater and saltwater inflows. For each station, three sam-
pling points approximately 50 m apart were chosen. The dif-
ferent sampling stations within the Lake Nokoué and Porto-
Novo Lagoon complex are presented in Fig. 1.

In total, six sampling campaigns were conducted between
November 2022 and October 2023 due to two sampling cam-
paigns for each hydrological period. These periods include
the High water period (November 2022 and October 2023),
the Low water period (January and March 2023), and the
Slight rise water period (June and August 2023). In total, 270
samples of benthic macroinvertebrates were collected, con-
sisting of 180 samples from Lake Nokoué and 90 samples
from the Porto-Novo Lagoon.

2.4 Sampling, preservation, and identification

The sediments that host benthic macroinvertebrates were col-
lected using a kick net (mesh size of 0.5 mm) and an Ekman
grab (surface area of 225 cm?). These samples were carefully
washed so that the residues were transferred into jars, which
were labeled according to the sampling station and date. Ad-
ditionally, the root systems of aquatic macrophytes partic-

https://doi.org/10.5194/piahs-388-9-2025



R. B. Lingofo et al.: Dynamics of freshwater benthic macroinvertebrates in West African lagoons 11

ularly those of the water hyacinth, were thoroughly cleaned
using 200 um before being added to jars containing sediment.
Upon arrival at the Laboratory of Ecology and Management
of Aquatic Ecosystems (LEMAE), the samples contained in
jars were fixed with a 4 % formaldehyde solution.

For washing, each sample was poured into a 400 um sieve
to be abundantly rinsed with clean water while ensuring that
the specimens were not deformed due to the pressure ap-
plied. The specimens from each sample were then sorted us-
ing entomological tweezers and placed in pillboxes. A 70 %
ethanol solution was added to the pillboxes to ensure their
preservation before identification.

Finally, the specimens were grouped according to their
morphological similarities before any taxonomic identifi-
cation. The taxa were identified using a binocular micro-
scope from the brand Optica with a magnification of x20 or
x40. The various identification keys established for different
taxonomic groups of benthic macroinvertebrates were used
(Nickles, 1950; Tachet et al., 2010; Fry, 2021). Furthermore,
the preferred habitats of benthic macroinvertebrate species
have been identified through the World Register of Marine
Species (WoRMS).

2.5 Data Analysis

The data analysis focused on the richness and relative abun-
dance of benthic macroinvertebrate taxa based on their pre-
ferred environments. Taxon richness is defined as the total
number of benthic macroinvertebrate taxa present in the dif-
ferent habitats. Furthermore, relative abundance (%) is calcu-
lated as the ratio between the number of individuals belong-
ing to a taxon and the total number of individuals collected
during the study period. The chi-square test was applied to
the data to verify the influence of the hydrological regime
on freshwater benthic macroinvertebrate communities. The
results obtained in this research were generated using R soft-
ware version 4.2.2.

3 Results and discussion

During this study, salinity and electrical conductivity values
varied significantly depending on the hydrological regime
within the Lake Nokoué and Porto-Novo Lagoon complex
(p <0.001). The highest values were obtained during the
Low water period, while the lowest values were recorded dur-
ing the High water period (Table 1).

The results obtained on variations in salinity and Electri-
cal conductivity within Lake Nokoué are similar to those
recorded by Okpeitcha et al. (2022) and Chaigneau et
al. (2023). The highest values obtained during the Low wa-
ter period can be explained by the saltwater intrusion into
Lake Nokoué from the Cotonou channel, which then spreads
throughout the entire complex studied. On the other hand, the
low values recorded can be explained by the increase in river
flow during High water period. Lingofo et al. (2024) obtained
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the increase from Suspended solids, Turbidity, Nitrite, Ni-
trate and Phosphate values during Slight rise water and High
water within Lake Nokoué. This increase results from the re-
suspension of settled particles and nutrients trapped in the
sediment, as well as from the runoff of organic and inorganic
particle-laden wastewater from the watershed.

The analysis of Table 2 reveals that freshwater taxa are dis-
tinguished by a higher richness totaling 47 species. They are
followed by saltwater taxa, which count 13 species, as well as
brackish and saltwater taxa with 6 species. In contrast, brack-
ish taxa, as well as those from freshwater and saltwater, are
represented in minimal numbers with only 2 species.

Lake Nokoué and Porto-Novo Lagoon are primarily colo-
nized by Arthropods, Mollusks, and Annelids (Gnohossou,
2006; Adandedjan, 2012; Odountan et al., 2019). The re-
markable richness of Insects observed in these two ecosys-
tems has been also reported by others authors (Gnohossou,
2006; Adandedjan, 2012; Odountan et al., 2019). This rich-
ness has contributed to the high richness of freshwater taxa,
given that the majority of Insects are exclusively associated
with freshwater environments.

Table 3 indicates that the diversity of benthic macroinver-
tebrates ranges from 50 species in the Porto-Novo Lagoon
to 71 species in Lake Nokoué. Freshwater taxa are distin-
guished by their richness within these two aquatic ecosys-
tems, with 28 and 40 species respectively.

The high specific richness obtained in Lake Nokoué could
be attributed to the influence of marine waters during the low
water period, which favors the arrival of marine species to
Lake Nokoué. Furthermore, the extent of Lake Nokoué and
the heterogeneity of its habitats offer relatively favorable eco-
logical conditions for the development of benthic macroin-
vertebrates.

Gnohossou (2006) categorized the taxa of benthic
macroinvertebrates present in Lake Nokoué into four distinct
groups based on their tolerance to salinity. These groups in-
clude: taxa exclusively adapted to saline waters, saline water
taxa with a high tolerance to low salinity, taxa specifically
associated with freshwater, as well as freshwater taxa with a
high tolerance to salinity.

The analysis of Table 3 reveals that in Lake Nokoué,
brackish water taxa as well as those of brackish and salty wa-
ters dominate respectively with proportions of 44.58 % and
33.69 %. Regarding the Porto-Novo Lagoon, brackish and
salty water taxa as well as those of fresh and brackish waters
show values of 33.33 % and 30.7 %. In contrast, freshwater
taxa are represented with values of 4.67 % for Lake Nokoué
and 7.78 % for Porto-Novo Lagoon. A highly significant vari-
ation was observed between the two ecosystems concerning
the relative abundance of different taxa (p < 0.001).

Gnohossou (2006) and Adandedjan (2012) noted that cer-
tain species of gastropods have distinguished themselves by
their regularity and dominance both in Lake Nokoué and
in the Porto-Novo Lagoon. These species exhibit a notable
tolerance to salinity and pollution. The results obtained on
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Table 1. Salinity and Electrical Conductivity (EC) variation according to the hydrological regime in Lake Nokoué and Porto-Novo Lagoon

Complex.
Ecosystem Period Salinity (PSU) EC (mS cm_l)
Lake Nokoué High Water 0.232+0.24 0.48%+0.49
Low Water 20.14°+£6.99  31.89>+10.31

Slight rise water

6.01°+6.79 10.11°+11.11

Porto-Novo Lagoon  High Water
Low Water

Slight rise water

0.07% +0.02 0.15% +0.04
859 £491  14.43%+£7.85
1.76° £ 1.73 3.20 +£3.12

The different letters 2, ® and © indicate significant differences between means according to the

post-hoc Tukey test (p < 0.05).

Table 2. List of benthic macroinvertebrate species of the Lake Nokoué and Porto-Novo Lagoon complex according to their preferred habitat.

Taxa

Species

Freshwater taxa (47 spp)

Amphiops sp., Argyronecta aquatic, Baetis sp., Branchiura sp.,
Bulinus globossus, Caenis sp., Canthydrus sp., Ceratopogon
sp., Coenagrion sp., Diplonychus rusticus, Diplonychus sp.,
Dryops sp. Dytiscus sp., Enithares sp., Eristalis sp. Gabbiella
Africana, Galba truncatula, Gyrinus sp., Haplotaxis sp.
Hemiclepsis sp. Hydra sp., Hydraena sp., Hydrocanthus sp.,
Hydrophylus sp., Hyphydrus sp., Ictinogomphus ferox,
Laccocoris sp., Lestes dissimulans, Libellula sp., Limnius sp.,
Limnogeton sp., Melanoides tuberculata, Micronecta sp.,
Noterus sp., Orthetrum chrysostigma, Paragomphus sp.,
Pisidium sp., Plea minutissima, Potamon potamios, Ranatra
elongate, Segmentorbis kanisaensis, Simulium sp., Sphaerium
sp., Stenophysa marmorata, Trithemis sp., Vitta cristata and

Zygonyx sp.

Brackish water taxa (2 spp)

Laccophilus sp. and Pachymelania aurita

Saltwater taxa (13 spp)

Amphilocus sp., Bidessus sp., Crassostrea tulipa, Eteone
longa, Excirolana latipes, Grandidierella africana, Nematoda,
Nephtys sp., Pagurus sp., Perna perna, Potamocorbula adusta,
Tagelus adansonii and Tanytarsus sp.

Freshwater and brackish water taxa (4 spp)

Enochrus sp., Nereina afra, Pachymelania fusca and Vitta
glabrata

Freshwater and saltwater taxa (2 spp)

Lumbricus sp. and Tubifex tubifex

Brackish and saltwater taxa (6 spp)

Callinectes amnicola, Callinectes sp., Nereis sp., Penaeus sp.,
Sphaeroma sp. and Tympanotonos fuscatus

Freshwater, brackish and saltwater taxa (5 spp)

Chironomus sp., Culex sp., Gammarus sp., Hydrachna sp. and
Macrobrachium sp.

the abundance of freshwater benthic macroinvertebrate taxa
highlight the significant impact of saltwater intrusion on the
structure of freshwater macroinvertebrates in the Lake Nok-
oué.

The increase of salinity influences negatively the richness
and abundance of sensitive taxa. At the same time, it pro-
motes the proliferation of salinity tolerant taxa (Timpano et
al., 2018). Kefford et al. (2016) reported that salinity sensi-
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tive taxa show a significant decrease in their abundance in
waterways with increased salinity (Kefford et al., 2016). Ac-
cording to Van Diggelen and Montagna (2016), salinity fluc-
tuation could constitute a disturbance that creates unstable
habitats.

It is clearly shown in Fig. 2 that the taxa associated with
brackish waters as well as those from brackish and salty en-
vironments significantly dominate during all the hydrologi-

https://doi.org/10.5194/piahs-388-9-2025



R. B. Lingofo et al.: Dynamics of freshwater benthic macroinvertebrates in West African lagoons 13

Table 3. Richness of benthic macroinvertebrates in Lake Nokoué and Porto-Novo Lagoon according to their preferred environment.

Taxa Lake Nokoué  Porto-Novo Lagoon

species species
Freshwater taxa 40 28
Brackish water taxa 2 1
Saltwater taxa 13 6
Freshwater and brackish water taxa 3 3
Freshwater and saltwater taxa 2 2
Brackish and saltwater taxa 6 6
Freshwater, brackish and saltwater taxa 5 4
Total 71 50

Table 4. Relative abundance (%) of benthic macroinvertebrates in Lake Nokoué and Porto-Novo Lagoon according to their preferred envi-

ronment.

Taxa Lake Nokoué  Porto-Novo

% Lagoon %
Freshwater taxa 4.27 7.78
Brackish water taxa 44.58 6.96
Saltwater taxa 11.86 16.83
Freshwater and brackish water taxa 1.15 30.7
Freshwater and saltwater taxa 1.06 1.03
Brackish and saltwater taxa 33.69 33.33
Freshwater, brackish and saltwater taxa 3.39 3.38
Total 100 100

cal periods observed in Lake Nokoué. In contrast, freshwa-
ter benthic macroinvertebrate taxa only show a notable abun-
dance during the High water period. A significant variation
was noted between hydrological periods regarding the rela-
tive abundance of freshwater macroinvertebrates within Lake
Nokoué (p < 0.01).

The significant abundance of freshwater benthic macroin-
vertebrate taxa observed during the High water period is at-
tributed to the remarkable proliferation of insects during this
hydrological period (Gnohossou, 2006; Adandedjan, 2012;
Odountan et al., 2019). Furthermore, Chaigneau et al. (2023)
also reported a high density of freshwater zooplankton dur-
ing the High water period in Lake Nokoué. This period is
characterized by the complete desalination, an abundance of
organic matter, and the proliferation of phytoplankton and
macrophytes. These factors provide favorable conditions for
the development of freshwater benthic macroinvertebrates. In
contrast, the low water period is characterized by a noticeable
increase in salinity and the disappearance of macrophytes.
These conditions rather favor the establishment of benthic
macroinvertebrates of brackish and saltwater. The high am-
plitude of salinity within Lake Nokoué would explain a sig-
nificant variation in the abundance values of freshwater taxa
between hydrological periods. According to Obolewski et
al. (2018) and Mrozinska et al. (2021), salinity represents a

https://doi.org/10.5194/piahs-388-9-2025
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Figure 2. Variation in the relative abundance (%) of benthic
macroinvertebrates according to their preferred environment and
hydrological regime in Lake Nokoué.

stress factor for benthic invertebrates and significantly influ-
ences their distribution.

The analysis of Fig. 3 highlights that in the Porto-Novo
Lagoon, freshwater and brackish taxa as well as those from
brackish and salty waters are predominant during all hydro-
logical periods. Furthermore, freshwater benthic macroinver-
tebrate taxa display a marked abundance during both high
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Figure 3. Variation in the relative abundance (%) of benthic
macroinvertebrates according to their preferred environment and
hydrological regime in Porto-Novo Lagoon.

water and low water periods within this Lagoon. No signifi-
cant variation was detected between hydrological periods in
the Porto-Novo Lagoon in terms of the relative abundance of
freshwater benthic macroinvertebrates (p > 0.05).

Moreover, the notable abundance of freshwater benthic
macroinvertebrate taxa during the low water period in the
Porto-Novo Lagoon is explained by the persistent presence
of insects during this hydrological period. Compared to Lake
Nokoué, a low amplitude of salinity was observed. This
would justify the absence of a significant variation in the
abundance values of freshwater taxa between hydrological
periods in Porto-Novo Lagoon.

4 Conclusions

The results of this research highlighted the dynamics of
freshwater benthic macroinvertebrates within the Lake Nok-
oué and Porto-Novo Lagoon complex. The saltwater intru-
sion influence the benthic macroinvertebrate communities.
This intrusion affect negatively the structure of freshwa-
ter benthic macroinvertebrates. This influence is particularly
pronounced in Lake Nokoué, compared to the Porto-Novo
Lagoon, where a significant variation in the abundance of
freshwater taxa has been observed depending on fluctuations
in the hydrological regime.

It therefore appears crucial to continue this investigation
by focusing on the dynamic study of benthic macroinverte-
brate assemblages in the Lake Nokoué and Porto-Novo La-
goon complex.

Code availability. Statistical analyses were conducted utilizing R
software (version 4.2.2). Custom scripts employed in the analysis
can be provided upon request from the corresponding author, as they
incorporate site-specific data that are restricted from public dissem-
ination.
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